INTRODUCTION
It is common to express the bending fatigue life of a material in terms of the nominal elastic stress or strain calculated by assuming stress is proportionalto strain. Yet, in the low-cycle fatigue range, and in fact over a wide range of life of engineering Interest, plastic flow is involved,and stress is not proportional to strain. Thus considerablediscrepancy exists between bending fatigue and axial fatigue when the latter involves expression in terms of true stresses and strains.
While several factors contribute to this discrepancy, as discussed in Ref. l, among them the presence of strain gradient, a volumetric effect, cyclic strain hardening and softening effects, and crack propagation differences after the surface stress has been initiated, the major effect is due to the fact that the nominal stress and strains on a specimen in bending differ considerably from the true values due to plastic deformation.
In Ref. l, it was demonstrated that flexural fati£Je is considerably different from axial fatigue, but that the two could be brought into presented. Each material and geometry had to be treated numerically.
It is the purpose of thi_ report to extend the work of Ref. I and to obtain closed-form generalized relationships. The approach is first to study rectangular rather than circular sections. Not only are rectangularsections of great importance in engineering applications, but they result in relations that can be integrated in closed-form.
The resulting form of the solutions then provides a model for use in the case of circular sections. By assuming an analogous model, involving several undeterminedconstants, and then determining the constants so as to fit a range of known solutions obtained by numerical integration,it has been possible to obtain very accurate, though not exact, closed-form solutions for the case of the circular section.
The procedure and results will be described in this report.
In addition to the development of plasticity as a reason for _ difference between axial and bending fatigue, another factor relating to volume under stress also introduces differences in the lives of the two loading modes. In pure axicl loading the entire cross section of the specimen is subjected to the loading stress, whereas in pure bending only the surface fibers are subjected to the maximum stress, while other regions of the cross section are subjected to lower stresses.
The effect of this factor is expected to be important in the high cycie f_,tiguerange, rather than the low cycle fatigue range which is of major interest in this report. However, this subject is also briefly discussed. _
BASIC EQUATIONS USED FOR LIFE RELATIONSHIPS
The Conventional Life Relationship
The basic model for axial fatigue used in this report is shown in using a different notation, the notation used in Fig. 2 is the one that has been commonly adopted ( Ref.
3). The strain amplitude, -_ is plotted on the vertical axis, and the number of reversals 2Nf on the horizontal axis, using logarithmicscales on both axes. If a material is axially cycled at constant strain range about a zero mean value, or if the plastic strainrange is maintained constant, it is generally found that in the early cycles the stress (or, equivalently,the elastic strain) may change considerably, but eventually a saturation value is 4 achieved. Usually this saturation value develops early and persists _ for the major part of the life of the specimen. Plots such as shown in Fig. 2 , in which both the plastic strain amplitude, and the elastic strain amplitude, are plotted against reversals to failure result in straight lines PQ and LM, the equations of which are, respectively,
where A_p is the plastic strainrange,Ace is the elastic strainrange, The equation for the total strain amplitude, which is the sum of the plastic and elastic components, is thus
In Ref. 4 we introducedthe term "transition life" to designate the life at the intersection point T of the elastic and plastic lines. In Also, using Eqs. (4) and (5) 
\_.T and transition
life NT can be determined from Eqs. (16) and (17), resF_ctively.
DISCUSSION
The approach presented in this report takes into account only the effect of plastic flow in explaining the difference between axial and bending fatigue lives; hence, it is valid in the low cyclic life range.
According to the analysis, the SaxiaI and Sbending curves become coincident for most engineering materials at lives greater than lO6 cycles _ince the strains are purely elastic at thoselife levels and the Mc/I assumption is valid. Howevur, bending fatigue life could still be higher than at axial fatigue for the same nominal stress due to volumetric effect which is not taken into account in the current approach. This is observed by Esin in steels and he has used micro-plastic s,,ain energy criterion to take this factor into account (Ref. 
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the lower will be the probability of the presence of a fl_w at a point of high stress, hence the higher will be the life. _ At high cyclic life range, the rotating bending will give lower life as compared to alternating bending for the same nominal stress which can e explained as follows. In alternating bending the regions A and B _n Fig. 4 will be subjected to maximum surface strain, whereas in rotatin;
bending all the material near the surface of the cylinder wiJl be sub_c¢
to maximum strain at different times; for example, the regioH C will take t the position of A or B while rotating, hence will be subjected to maximum strain. Thus, mnre volume is subjected to high stress in rotating benViqg hence greater will be the probability of the presence of a flaw at a point _ of high stress and lower will be the life. Table I . Using only axial fatigue data on a given material and formulas given in Table I, nolnlnalbending stress-life curve can be established. Though the study is !innted to only rectangular and circular cross-sections,the approach and the procedure described in this report can be applied to more complicated geometries to obtain the functional forms for parameters fl and f2 which are functions of only strain hardening exponent of the material.
The approach takes into account only the effect due to plastic flow which has dominating effect in the low cyclic life range. However, in the high cyclic life range other factors could be more dominating like the volumetric effect which should be taken into account in reconciling the difference between axial and bending fatigue lives. F_:turestudy is necessary to incorporate the volumetric effect in the analyses presented in this report. 
